ABSTRACT: Iranian Mining and Aggregate Industries (IMAI) are underdeveloping day by day and the country is one of the most important mineral producers in the world, ranked among 15 major mineral-rich countries. The current cluster study of IMAI has targeted the weighing and ranking industries empirically based on initial assessment of Iranian organizations once before constructing industries. The Weighted Aggregated Sum-Product Assessment (WASPAS) method was used to rank IMAI along with the Friedman test and Entropy Shannon method to estimate the weights. The existing data were undergone the SPSS and Excel 2013 soft-wares to analyse and design the methodology of computations patterns. The findings based on the Friedman test and Entropy Shannon weighing methods were manifested 2 different classifications for the IMAI. In the following steps, the effect of ƛ values on the ranking performance of WASPAS method was investigated for 26 IMAI. The input and output materials flow along with an essay upon the existing facilities were sought to find the best and easiest procedure for the economic estimation of IMAI individually.
INTRODUCTION
According to the current statistics, industries and mines account for about 25 percents of Iran's economy. In this division, the construction sector accounts for 9.8% and the industrial and mining sectors account for 13.6% of the country's gross domestic product. Thus, industries and mines (albeit without taking into account the oil and gas sectors, which are considered to be the country's most important industry) produce a quarter of Iran's economy. The existing connections of various industrial and mining sectors, along with other economic sectors (such as agriculture, oil and energy and construction) have created the scope of industry activity and its impact beyond the industrial and mining sectors. The building sector is also needed as a separate section of the industry and mining sector to meet its needs for construction materials such as cement industries, metal industries etc. In addition to the past and the upstream connections of industry and mining with other sectors of the Iranian economy, this section is also important in terms of technology development and diffusion [1] .
IMAI encompassed bitumen blown, building plaster, ceramic dishes, ceramic tiles, floor tiles, glazed tile and ceramic, gypsum, industrial ceramic parts, ceramic brick, firebrick, façade brick, semi-automatic brick, hot asphalt, building lime, orthopaedic bandage, rock wool, glass wool, stone powder and mosaic, precast pressed beam and concrete pile, gypsum prefabricated walls, prefabricated wooden wall by wood powder, cutting granite stone, grindstone, broken stone and debris washed, mineral powders, cement asbestos tube. Globally this cluster has been classified in 3 classes such as (1) stone & pottery products, (2) concrete & glass products, (3) concrete & glass products (cont'd.) . The first class included many industries such as vitreous china plumbing fixtures and china vitreous china table and kitchen articles; fine earthenware (white ware) table and kitchen articles; pottery products brick and structural clay tile; ceramic wall and floor tile; structural clay products; lime; cut stone and stone products; minerals and earths, ground or otherwise treated;
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phosphatic fertilizers; porcelain electrical supplies. the second class also included some industries such as cement, hydraulic; concrete block and brick; ready-mixed concrete; non-clay refractories; glass products, made of purchased glass; radio and television receiving type electron tubes. Third class besets the electric lamps; ophthalmic goods; clay refractories; concrete products, except block and brick; gypsum products [2, 3] .
As we know, all industries projects should undergo an initial assessment before complete setup. The present study comprised 26 various kinds of IMAI with lots of details in terms of input and outputs materials, facilities, the flow diagram of processes and technologies and 5 main criteria. All existing data were the initial screening of both Iranian industries organization and environmental protection agency as raw information. Therefore, available data came through of the decision making systems to classify and process data. Almost all decision-making methods have several criteria that these criteria are different. In general, decision-making methods seek to evaluate a set of options according to a set of criteria. Today, decisionmaking models have been widely considered by researchers. So that in recent years a lot of research has been done in various industries such as transportation of healthcare, university and higher education, water and sewage, hotel industry, supply chain management etc. Multi-criteria decision-making methods have diverse techniques. One of the newest multi-factorial decision-making methods is WASPAS method, which was first introduced in 2014. Obviously, based on decision-makers idea all criteria may not be equally important for the indicators, and some of the indicators are more or less important than the other indicators; therefore, after determining indicators, the weight of each criterion should be determined. There are various methods for determining the weight of the indicators, some of which are Friedman test and entropy Shannon etc pertaining to lots of mathematical equations. The present study assigned the WASPAS procedure to achieve the main objective of study as an evaluation of IMAI. Therefore, the following steps were arranged to implement the weighing and ranking calculations [4, 5] .
REVIEW OF RELATED LITERATURE
Busu and Busu [4] have done a study on the linear waste economy conversion to a circular form. By the way, they have developed a ranking and weighing system based on mathematical modelling and Entropy Shannon equations. The values for the weighing system have been obtained between 0-1.Taheriyoun et al. [5] developed an eutrophication index for a basin using Entropy Shannon to figure out the weights for criteria and fuzzy theory to rank the options. Zhao et al. [6] , Mkhalet et al. [7] , Danaei [8] , Ozturk [9] , Hashemzadeh et al. [10] used the Entropy Shannon method to determine the weights values for supplier selection, classification of the 13 projects of Kish airport containing 7 criteria, discovering the urban sprawl based on 4 criteria (built-up area (km 2 ), built up density (%), built-up area growth rate (‰), change in built-up area (km 2 )), weighing the 16 criteria in the implementation of an individual dies exchange in 14 plastic industries respectively.
Yazdani et al [11] used Step-wise Weight Assessment Ratio Analysis (SWARA) and WASPAS methods to weight and rank criteria in the selection of the best green suppliers respectively. Chakraborty and Zavadskas [12] employed WASPAS method to remove the difficulties experienced in eight manufacturing units, such as selection of cutting fluid, electroplating system, forging condition, arc welding process, industrial robot, milling condition, mach inability of materials, and electro-discharge micro-machining process items. Bausys and Juodagalyiene [13] used WASPAS method to select the position of a garage at the parcel of a single-family residential house. Using WASPAS technique led to rank 4 options and 6 criteria. Azadfallah [14] used the WASPAS method to select the best supplier containing 10 alternative and 5 criteria. Ghorshi Nezhad et al. [15] used WASPAS method to rank the prominent industries in terms of nanotechnology applications in the 11 industries such as agriculture, transportation, construction, oil and gas, textile products, food industry, defence industry, health and medicine, nanoelectronics, nano energy and environment and water based on 29 subcriteria and 5 main criteria. The results have been reported as Nanotechnology in health & medicine > Nanotechnology in oil and gas > Nanotechnology in defence industry > Nano-electronics > Nanotechnology in construction > Nanotechnology in transportation >Nanotechnology in the environment and water >Nanotechnology in the food industry >Nanotechnology in textile products >Nanotechnology in agriculture.
METHODOLOGY
Weighing system based on Friedman test
Using the Friedman test to analysis the matrix of data which is designed in the SPSS software the average weights are estimated for columns individually. Then obtained values can be assumed as weights of criteria to rank the industries values in any ranking system. The procedure to do the first step is fulfilled by equations of 1-5 by software. In the composed matrix rij is the values.
Weighing system based on Entropy Shannon
The weighing system of Entropy Shannon is a well-known procedure to estimate weights within a certain matrix. Using this procedure provides values of weights between 0-1. By the way, the raw data assessed by Iranian industries organization and Iranian Environmental Protection Agency were passed through of weighing system. Equation 6 was used to normalize the existing values. The steps related to the normalization process were done by Excel 2013. In the following steps, it was used the equation of 7 to 10 to calculate and determine the weights for each criterion supported by Excel 2013. The Xij and Wj are existing values and obtained weight values within the decision matrix respectively.
Ranking system based on WASPAS
The WASPAS method is one of the recently developed multi-criteria decision-making methods. This method is a combination of both models of the Weighted Sum Model (WSM) and Weighted Product Model (WPM). This method has more accuracy compared to independent methods. To complete the ranking process equation 11 was used to normalize the values. The calculation of the relative importance of the solutions based on the models of WSM and WPM was carried out through of the equations 12 and 13. The accuracy and effect of the WASPASS method are that the significance of the option of i is calculated by ƛ in the formula.
(2) = ∏ = 1 (ῑij)
It should be noted that in this research, λ was assumed equal to 0.5. Obviously, the option containing the highest Qi value will be taken with higher priority [11] .
EMPIRICAL RESULTS AND DISCUSSION
Technology includes important components such as machinery, expert manpower, information and organization. In other words, technology means an activity in which more sophisticated and modern machinery and equipment are used, human resources are employed with a higher level of expertise and modern information systems, and the general organization of the factors of production employed in it. In a modern fashion, it should be considered a high-tech enterprise. From this perspective, the IMAI is sensitive in the country because of its role at a high level of complexity. Many of the country's industries that are considered high-tech industries are contributed to the IMAI sector. Therefore, in this study, all facilities, input materials, output products and energy requirements etc which are related to available technologies used in IMAI are discussed according to Figure 1 .
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Bitumen blown (1), Building plaster (2), Ceramic dishes (3), Ceramic tiles (4), Floor Tiles (5), Glazed tile and ceramic (6) , Gypsum (7), Industrial ceramic parts (8) , Ceramic brick (9), Firebrick (10), Façade brick (11), Semi-automatic brick (12) , Hot asphalt (13), Building lime (14), Orthopedic bandage (15), Rock wool (16), Glass wool (17), Stone powder and mosaic (18), Precast pressed beam and concrete pile (19), Gypsum prefabricated walls (20), Prefabricated wooden wall by wood powder (21), Cutting granite stone (22) , Grindstone (23), Broken stone and debris washed (24) Mineral powders (25) , Cement asbestos tube (26) . Industrial machines are one of the routes of technology transfer and increase productivity. Given the 25 % stake of the industries and mines in the country's economy, the sector is almost 1.5 times more than the stake of a gross domestic product that has been invested in the country. These figures indicate that investing in machinery to develop this sector is more important than other sectors of the Iranian economy, and therefore maintaining the competitiveness of this sector of the Iranian economy, in addition to employing specialized labour, requires access to modern and up-to-date machinery. Table 1 included the number of staff, energy consumption in IMAI. Conducting a statistical analysis on the existing data in Table 1 , Friedman test analysis proved that the mean weights can be about 2.31, 3.96, 1.79, 1.94, and 5 for the number of employees, power, water and fuel utilized and land area applied for IMAI respectively. The test statistics have also revealed the values around 83.260 (N= 26, df =4 and Asymp.sig = 0.000) for the Chi-Square by Friedman test. One-Sample Kolmogorov-Smirnov test had shown the test distribution is normal with the values of mean around 46.5000, 423.5385, 35.5000, 101.2308 and 10492.3077 for employees, power, water, fuel and land respectively. One sample t-test has presented a significant difference (p-value ≤ 0.015 among the criteria of employees, power, water, fuel and land. The Pearson correlation Sig. (2-tailed) had represented the highest correlation between the values of land and employees around 0.797. In the following the correlation among criteria were observed as employee-power (0.665) > power-land (0.663) > water-land (0.445) > employees-water (0.441) by same test respectively. The null hypothesis via one-sample Chi-Square test leads to occur the categories of water with equal probabilities. Therefore, the null hypothesis was retained. The distribution of employees, power, fuel and land were obtained normally with mean and standard deviations of around 46.50 and 28.09, 423.54 and 330.76, 101.23 and 196.56 and 10492.31 and 10763.52 by Null hypothesis and One-Sample Kolmogorov Smirnov Test respectively. Therefore, the null hypothesis was only rejected for the values of fuel. The null hypothesis conducted by related samples Friedman , s Two-Way Analysis of Variance by Ranks had manifested that the distributions of employees, power, fuel and land are the same. Thus, the null hypothesis was rejected.
Findings based on the Friedman test and WASPAS method
Friedman test analysis proved that the mean weights can be about 2.31, 3.96, 1.79, 1.94, and 5 for the number of employees, power, water and fuel utilized and land area applied for IMAI using SPSS software according to equation 1 to 5.These values were used to collect weights in Table 2 as a special vector. The normalization of data was done according to equation 11. Tables 2 and 3 display the values obtained from equations 11 to 14. 
Findings based on Entropy Shannon and WASPAS method
Using equation 6 to 10 resulted in weights for each criterion according to Table 4 . Both factors of the number of employees and the land area used can be negative criteria in any expansion purpose in industries. Table 4 shows Weighted values based on Entropy Shannon procedure. With regard to this fact that the normalization process was the same as the previous step so the same and existing values of Table 2 was used. On the other hand, the normalization of data was done according to equation 11. Then equations 11 to 14 were assigned to estimate the ranks values. Table 5 contains the  normalized values in Table 2 used to rank options based on Entropy Shannon. With regard to right application of weighing system and considering to real values, a classification was developed for IMAI as following 17> 26> 2> 9 > 21 > 20 In the sensitivity analysis, the value of ƛ= 0 only plays a role in emerging the starting point. That is why it was ignored to be assumed by the current study. The ƛ containing an interval value of 0-1 means that in the value of 0, WASPAS technique is changed from a weighted product model towards the weighted sum model (at ƛ=1). As we know that WASPAS method is a summation of both WPM and the WSM. The weighing system based on the Entropy Shannon has presented a linear approach in comparison with the weighing system based on the Friedman test. The distribution pattern for both figures (2 and 3) is constant and according to the ranking system developed. Chakraborty and Zavadskas [12] assessed the application of WASPAS practice to remove the difficulties experienced in 8 manufacturing plants. The obtained results proved that WASPAS method as a dominant weighing system with enough precision and accuracy. By the way, the fluctuations in ranking system conducted by ƛ depicted using some flow diagrams. Stojic et al [16] studied the supplier selection circumstances via WASPAS method in a PVC manufacturing plant. Also, it has been investigated the sensitivity and fluctuations in the values ofƛ. According to the results, the values of ƛ have been reported unaffected on the ranking system. A rise in the values of ƛ resulted in a rise in alternatives.The obtained results of figures were proved that better ranking performance of WASPAS technique was achieved by Entropy Shannon weighing system and it was approached to linear format for the data of around 26 IMAI. But according to real data and regardless to negative and positive criteria, the classification based on the Friedman test has appeared in full agreement from the highest value to the lowest one.
Effect of ƛ on the ranking performance of WASPAS method
Economic aspect
The economic studies of industries need to figure out the expenses associated to requirements of industries such as required land and landscaping operations, equipment costs, input and output materials flow, energy consumption, number of employees, selling outlay, variable and total manufacturing costs and other costs. The equations 15 to 24 are used to the economic estimation of any industrial project before implementation of industries. According to the equations, the economic estimation needs total facilities inventory, input and output materials streams and all criteria discussed by current research [17] . Tables 6 and 7 
. 0 C (selling outlays), P (selling rate) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25 26 (4) Feldspat (144t); Kaolinite (72t); Fe2O3 (504t); Gray clay (4320t); Ordinary clay (7200t); Feldspar (1296t); SiO2 (124t) (5) Clay (1365t); Feldspar (450t); Quartz (585t); Kaolin (324t); Glaze (195t); Dye (7.5t); Carton (153750t) (6) SiO2 (666t); Sodium feldspat (99t); CaCO3 (85t); Kaolin (142t); ZnO (99t); Potassium nitrate (71t); Boric acid (127t); Zirconium silicate (127t); boxes of 50 kg (28350 No) (7) Package chalk (440t); Dye (6t) (8) Kaolin with a grading of 0.1-10 micron (132t); SiO2 (66t); Feldspat (83t); Dolomite (36.3t); Cartons (6000t); Industrial plaster (6t); Packaging nylon (1t); Balls of ballmill (4t); Glazed powder (36.5t) (9) Clay soil containing kaolinite, Monte Moriolonit, illite and chlorite with a grade of 1-4 µ (38350t) (10) Bauxite with a melting point of 2050 ℃, the hardness of 9 (8800t); fireclay (1100t); Kaolin with a melting point of 1750℃ (1100t); Cartons with dimensions of 47*23*23 cm 3 (380000 No) (11) Eligible clay (56700t) (12) Eligible clay (56700t) (13) Aggregate (141000t); Bitumens of 60/70 etc (6750t) (14) CaO (147000t); Packaging boxes (240000 No) (15) Orthopedic plaster, 106-100 mesh, 88% CaSO4 (110t); Ethyl cellulose, purity of 47-48% (300 kg); Methyl cellulose (820 kg); Di-butyl phthalate, purity 99.5% (1700 l); Ethanol 80% (84.5t); Bandage fabric (1134000 m); Packaging boxes (110000 No); Plastic packaging (3300 kg); Packaging cartons (9200 No) (16) Basalt (2100t) (21) Wood (4667t); Portland cement (12554t); Chemical materials (790t); Grease (5.3t) (22) Stone powder (1875t); Paper sheets (11t); Timbers (120 m 3 ) (23) Magnesite (91t); SiO2 (52t); Corundum (122t); Polyester gum (48t); Pumice (27t); White cement (72t); Foundation cement (72t); Cl2 and Mg (72t) (24) Stone and aggregates (250000 t) (25) Ore (104200t) (26) Portland cement type 1 (29176.2t); Asbestous (5042.6t) 
CONCLUSIONS
The major achievements of present research get back to development plans in IMAI such as developing industrial ecology, approaching sustainable development and technology development in parallel with the move towards industry 4.0. According to recent studies, there is no similar research published across all Iranian mining and aggregate industries to cover energy demand and materials streams. Thus, it is concluded that:
1-The flow diagram of industries plays the main role to introduce the existing processes and needs to any change, expansion and evolution in the future.
2-It was indispensable that offer an appropriate database to manage and handle the difficulties raised in the developing industrial ecology. Therefore, this data can be used in this regard.
3-The energy, materials and facilities management in the framework of a valuable database will expand the further achievements in industry 4.0 discussions.
4-The simplicity in depiction the spectrum of growth and economic estimation along with data envelopment analysis can be mentioned as other achievements in this regards.
5-The validity of Friedman test in weighing criteria and its valuable response in the ranking system with WASPAS method as well as the suitable classification developed using Entropy Shannon weighing method for IMAI.
